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1. Introduction

The Montana Department of Transportation (MDT) recently conducted a study of the
economic effects of highway reconfiguration scenarios, namely adding highway capacity
to major corridors. A major objective of the project is to develop a sophisticated
methodology to compare and analyze the relative economic benefits of highway
investment scenarios. A Geographic Information System (GIS) based model called the
Highway Economic Analysis Tool (HEAT) has been developed to automate the process of
economic impacts analysis under a single software program.! Through the development
of HEAT, we are providing MDT with the in-house capability to analyze and quantify the
relationship between highway capacity and economic development, and estimate the
likely economic benefits and costs of potential highway improvements.

HEAT includes a custom toolbar, a user-friendly graphic interface, and a series of
functions and tools focused at guiding planning staff through typical and repeatable
processes to analyze and model the economic impacts of highway investment scenarios,
assess existing industries, identify new and emerging industries, analyze freight and auto
flows, and produce quantitative results for meaningful comparisons. GIS is the basis for
HEAT to process data, explain concepts, present results, and implement analytical
functions. Here is a list of the major modules and key functions of HEAT:

(1) Scenario designation tools
¢ Establish a highway scenario
¢ Code project(s) and attributes of projects
(2) Network analysis tools
* Assignment routine
e Accessibility analysis
e User Benefits analysis
(3) Economic analysis
¢ Tourist spending effects
Business attraction (jobs)
Cost estimation
Economic growth by industry sector
Interface to REMI model
Benefit-cost analysis
ser exploration tools
Map data
Desire lines (trip making patterns)

(4)

..C:.....

! Cambridge Systematics, Inc. is the primary developer of HEAT, with support from Economic
Development Research Group, SEH, Inc., and ICF Consulting.
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¢ Document library

HEAT was designed to automate the evaluation of economic impacts analysis. This user
manual is designed to guide the user through all of the steps necessary to evaluate the
economic impacts of highway investment scenarios in a consistent manner. The user can
compare the results of any scenario with against the existing system (the “NOBUILD”
scenario) as well as any other scenario.

This user manual deals primarily with the use of HEAT GIS tool itself. After checking for
proper hardware and software compatibility in Section 2, the user should start with
Section 3: Getting Started. Here the user will get a basic understanding of functionality,
layout, and navigation in the GIS Tool. The user should then follow Sections 4 through 6,
in order, to successfully build a scenario and analyze the economic impacts a desired
scenario. Section 7 provides the guidance on using the exploration tools that provide
more savvy methods for navigating within HEAT and viewing analysis results.

Montana HEAT Model

1. Scenario Designation 2. Network Analyses 3. Economic Analyses

Update No Build (If Needed Assignment Business Attraction
I
l Select Link Analyses

Visitors,/Tourism

Cost Estimation

Create New Scenario l

l

Edit Scenario

Accessibility REMI Analyses

Code In Scenario User Benefits
I T
Flag "Select” Links) Business Cost Savings
e —— I Benefit/Cost

Define Start/End ears Mon Business Cost Savings

And l

HEAT Analyses Tools

Extra Options - Not Necessary For HEAT Analysis
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2. About HEAT

2.1 Development Environment

HEAT was developed using Visual Basic For Applications (VBA) in ArcGIS 9.3, the most
recent ESRI desktop software release in the ArcGIS environment that is increasingly
accessible to developers and users. Unlike other desktop GIS platforms of ESRI, ArcGIS is
an object-oriented software. It is easy for customization as well as interfacing with other
object-based software. It is also highly expandable because the tool can be built in
modular format on an object-oriented platform. Developers can extend and expand the
HEAT system without requiring any changes to the ArcObjects code. The only limitations
on additional analyses or functions will come from the limitations of the parent platform
(ESRI's ArcGIS 9.) itself. MDT users may customize HEAT using ArcObjects or
customized COM-objects via any of the programming languages supported by the parent
platform (ESRI's ArcGIS 9.x), including VB, VBA, C++. In addition, some modules are run
in ArcView 3.3, but are accessed through ArcGIS. The reasons for this will be discussed
later.

Since HEAT was originally developed, ArcGIS version 9 has become available and is
currently supported by MDT. Its likely that HEAT will need to be updated eventually to
this new version, and Cambridge Systematics will work with MDT to determine the
optimal time to make this conversion.
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2.2 Delivery Format

The GIS tool is built into an existing ArcGIS map document file (HEAT ArcGIS.mxd)
which is stored in the Projects folder. Given the update to REMI, the ArcMap project
needs to be run from the REMI folder (in this case “C:\mdtapps\REMI") in order to call
REMI. The GIS tools are built into an ArcMap map interface, which stores a map as an
MXD map document.

Mame ¢ |

CIMODULES
CINOBUILD
CI10THER
CIPROIECTS
C1SCENARIOS
CI1USER GUIDE

The MODULES folder stores all of the files that are used in the tool. The subfolders here
correspond to the various parts of the HEAT tool.

=) 5 |

! Mame
] ACCESSIBILITY

. C1ASSIGNMENT
MODLULES CIBASE MaP
CIBENEFIT COST
Select an ikem to view its description, C1BUSINESS ATTRACTION
Clcan

;EEDa;iz'ments CIDESIRE LINES

M—%Emmkplaces CIDESIRE LINES A5 LOADED

My Cormpuker % EEISTDR
CIHEAT TOOLBAR
CILIBRARY
CIMAR_PIN
CINAVIGATION
CIMEW SCEMARIO
CIREMI
CIUSER BENEFITS
CIVISITORS

For the most part, the files that go with each module are stored in the appropriate folder, with
some exceptions (Some spreadsheets need to be in the same folder for linkages).
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L b i Marne ¢
_1MODULES
. _IMOBUILD
HEAT _10THER
_1PROJECTS

Select an itermn ko wiew iks description, 1 SCEMARIOS
C1USER GUIDE

See also:

My Documents
My Metwork Places
My Cormpuker

The NOBUILD folder contains the Montana NoBuild network that is used as the basis for each
HEAT Scenario. It is stored as a Geometric Network in ESRI's Geodatabase format. The
NoBuild output shapefiles that are used for processing in some of the modules are also stored
in this folder. A further description of the NoBuild network can be found on page 18.

The OTHER folder simply contains any extra files and a back-up folder.
The PROJECTS folder is where any ArcGIS MXD HEAT backup projects can be stored.

The SCENARIOS folder stores the various scenario files for each scenario a user adds. All of
the necessary spreadsheets, GIS and data files get stored here. Some of these files, like the Excel
spreadsheets, are copied from MODULES subfolders when a scenario gets created. This helps
to keep the data from each scenario from conflicting and keeps a complete record of
information specific to each scenario.
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2.3 Data Requirements

alysis Tool (HEAT)

The figure below shows all the data items needed for HEAT. All GIS data in the personal
geodatabase are projected to Montana State Plane NAD 83 coordinate system.

H £F Layers
=] HEATO1_Metwork,

-
— <all other walues>
MEW

= Existing Road
— Mew Road
= riontana_highway _border_crossings ——

= mt cities mspe T ———— |
& <al other values:=

CAPITAL
e N

G0 /
= airports /
= railroads

— 1
= mdk_districts

0

= rk_water

X

O
=] nhpn
—  <all other values>
SIGNTI

X

relief L kiF |

ArcGIS Data Directory Structure In Order Of Appearance

/

Scenario Network

[ ——Board Crossings

T Cities

Airports

Rail Roads

Districts

Water bodies

National Highway Planning Network (NHPN)

Streets

ensus Places

ational Park Services (NPS)

ational Foundation for Research and Development (NFRD)
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W

Dizplay I Source I
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2.4 System Requirements

1. Hardware Requirements:

¢ A Pentium III PC, Minimum 450 MHz processing speed

¢ Minimum 128 MB RAM

¢  Minimum 500 MB hard disk space. Minimum 50 MB on the operating
system drive and an additional 100 MB hard disk space are required

¢ (CD-ROM drive or networked CD-ROM drive (650 MB HDD space
recommended)

2. Software Requirements:

Windows NT , Windows 2000 or Windows XP operating system
ESRI ArcGIS 9 (multiple license or single license version)

ESRI ArcView 3.3

Network Analyst for ArcView 3.3

Microsoft Excel Version 2002

2.5 Software Installation

The GIS software and the supporting data should reside locally on the hard drive of the
user’s computer. The user should have writing permission to the computer drive where
the supporting geodatabase resides. To install the software and supporting database:

1. Insert the CD with the HEAT GIS Tool in your computer’s CD-ROM drive.
2. Copy the HEAT folder in the CD to “C:\mdtdata”

3. Right click the folder on your local computer and click on Properties. =~ Under
“Attributes”, verify that “Read-only” is not checked. If it is checked, uncheck the
“Read-only” box, click Apply and then click OK. Otherwise, click OK.
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4. A confirmation message will ask whether you want to apply the changes to this
folder and all subfolders and files. Check the option “Apply changes to this folder,
subfolders and files”, and click OK.

Confirm Attribute Changes x|

You have chosen ko make the Follmwing attribute changeds):

unset read-only

Da wou wank ko apply this change ta this Falder only, or do wou want ko
Check this option apply it ko all subfolders and files as well?

to unset the read- = apply changes ko this Falder anly

only attribute of T—— g4 his Folder, subFolders and fil
all subfolders and Apply changes to this Folder, subfolders and Files
(04 I Cancel

files

5. In order to run REMI 7 from ArcGIS, you need to go to the
C:\mdtdata\HEAT\PROJECTS folder and copy the HEAT project
(HEAT_ArcGIS9.mxd) to the C:\mdtapps\REMI folder and run it from there.

6. Set the security settings in MS Excel to medium or low in order for them to be
populated.

security 2(x|

" High. Cnly signed macros Fram trusted sources will be allowed
ko run, Unsigned macros are automatically disabled.

™ mMedium, You can choose whether or not to run potentially
unsafe macros,

% Low (not recommended). You are not prokected From
pokentially unsafe macros, Use this setting anly if wou have
wirus scanning software installed, or wou have checked the
safety of all documents you open,

Mo wirus scanner installed.

K I Zancel
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3. Getting Started

After installing the HEAT GIS Tool on the local computer, it is recommended that the user

start by following the instructions in this section, which give a basic overview of the use,
navigation, and functionality of the software.

3.1 Starting ArcMap

ArcGIS desktop consists of three core applications: ArcMap, ArcCatalog, and ArcToolbox.
ArcMap is the map interface that can be used for all mapping and editing tasks, as well as

map-based analysis. HEAT is built into a map document (HEAT01.mxd) that can be
opened in ArcMap.

The design of the GIS tool assumes its users have a basic knowledge of ArcMap. If further

help is needed on how to use ArcMap, users are recommended to use the ArcMap help
menu or refer to the ArcMap User Guide (Using ArcMap, ESRI, 2000).

1. Click the Start button on the Windows taskbar, as shown in Figure 3.1.

2. Point to Programs.

3. Point to ArcGIS.

Click ArcMap to start the ArcMap application.

Step 3

W Programs » @ Accessories » |
@ ArcCatalog
= i Documents

5 oz ek sener» > Stcp 4
- @ ITMC GIS 4 EQ arcCbjecks Developer Help
ettings

& Microsoft PowerPoint a arcToolbox

@ Search + Microsaft Ward

Step 2

Q Deskkop Administrakar
¥ |E§5) Deskiop Help
Help B

E Run...

Shut Down. ..
Step 1 «—dstant | | () @ 5 ||

Windows 2000 Profession:ll

Cambridge Systematics, Inc.
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The first time you start ArcMap, the Startup dialog box appears with three options
for how to start your ArcMap session: a new empty map, a template, or an existing
map (Figure 3.2). Check the option of an existing map.

5. Double click Browser for maps.

6. In the dialog box, click the dropdown arrow and navigate to the map folder on the
local drive where you installed the files for the HEAT GIS tool
(C:\mdtdata\ HEAT\HEAT_ArcGIS.mxd).

7. Double click HEAT ArcGIS.mxd and open the map document

x| 2

— Start uzing Archtap with st i I@HEMI j - I‘j‘ -

IHEAT_ArcGIS.maxd

Templates provide ready-to-use layouts and base maps
for warious geographic regions.

é * An existing map:

My Netwark P

Fils e [HEAT_prcils mid | Open |
Files of tppe: IArcMap Drocuments [*.rm=d) j Cancel |
I~ Immediately add data " Open as read-only
[~ Do not show this dialog again /ﬂ

In addition, there are back-ups of the above MXD project saved to
C:\mdtdata\ HEAT\ PROJECTS\HEAT Backup Projects.

Mame ¢ | Sizel Type |
E-En::l::jl_l[:l File Folder
SNHEAT_ArcGIST, mxd 3,322 KB ESRI ArcMap Do...
reg_1.1 14 KB 1 File

reg_z.2 14 KB 2 File

reg_3.3 14 KB 3 File

reg_4.4 14 KB 4 File

reg_5.5 14 KB 5 File

T schema.ini 1 KB Text Document

fe userbens_results_heat.txt 6 KB Text Document
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3.2 Map Interface

The figure below shows the appearance of the map document HEAT01.mxd. after being
opened in ArcMap. The map interface includes the following sections: (1) Table of
Contents, (2) Map Display Area, (3) ArcMap Built-In Toolbars and (4) Custom Built
Toolbars built specially for the GIS decision support tool. ArcMap Built-In Toolbars are
explained further in Section 3.3, and Custom Built Toolbars are explained in Section 3.4.

<181
File Edit Yiew Insert Selection Tools Window Help |
[} ﬁﬂé‘éﬁ Ex|n n|\-l;|1:5,aua,575 - HQ‘@&|Q?J@I3@|B i [N ‘I; o [100% = ‘ |E,’*E,|
J Editor * ‘ 3 ‘, * Task: [create Mew Feature =] ‘ Target | | |X (= ‘ ‘ Ry ‘
Custom By =l
<+ =
TOOlbﬂrS border_crossings [ o aﬂ 3
major_cities @ Scenatio Designation ¥ | Network Analyses™ | Economic Analyses™ ‘ HEAT Toals™ ‘ User Guides™
major_towns Q
airports i
rail =2 avond
regions & Likabry [Shelb i L )
nhpn Kalisp el
Tﬂble Of ® [ roads_all @ = g sibfal
= District 3 ’
Contents Ef slaces - e e ; B | ey
(TOC) e = . rgat'Plls
parks District: 1. ' Jordan Dyistrict ™4
forests f i i ot o @il >
reliefl.tif .
(i} Helana
e o Ik R les er
] atyitterg f N o iy
ArcMap & oy District™5 ’
Built-i 2 P 'QH]_'"” arcl
uilt-in+ 4 e el Bracus
< District42 g
Toolbars & for-ar i base
1
b
Display -SDulce Selection ’; ] "LI | _’I—
Jgrawwng' k®|D'A'E‘.ﬂ]A"ﬂ| it z] B 7 0 |A~ &~ £~ = ~

Remove layer from data frame

[ [101437.24 61638185 Meters

On the right hand side of the map interface is the Map Display Area where visible maps
are shown. To the left is the Table of Contents, showing all the map layers that are
available for display. There is a toggle switch and a checkbox in front of each map layer.
You can click on the toggle switch to make map symbols shown or collapsed on the Table
of Contents. A minus sign means the map symbols are hidden, while a plus sign means
the map symbols are shown. The check box is used to turn on and off the visibility of each
map layer. An empty checkbox means the map is not shown in the map display area,
while a check in the checkbox means the map is shown. The checkbox for the street layer
(proj_streets) and census place layer (Places) are grayed out, meaning these map layers are
set to be visible beyond a certain map scale.

Cambridge Systematics, Inc. X-13
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= £F Layers Click to make the layer invisible in
Click to hide map symbols ¢—— etwark. the map display area
— <zall other values:
Existing F.oad

—0 Click to make the layer visible
D)PM in the map display area
=] rontana_highway_border_crossings

Click to show map symbols ¢———— [] proj_strests

» Is grayed out until the map is zoomed in
beyond a certain scale 1: 238,700.

3.3 ArcMap Built-In Toolbars

ArcMap has built-in tools that let you move around the map freely and query the features
on the map. Place your pointer over each icon to see the description of each tool and click
on the icon to use the tool. Use the ArcMap help menu or refer to the ArcMap User Guide
(Using ArcMap, ESRI, 2000) for further help on how to use these built-in tools.

Zoom Qut Fixed Zoom Out  Full Extent Go to Next Extent  Select Elements Find

\,\
& G ax o
/

Zoomin  Fixed Zoom In  Pan Go to Previous Extent  Select Features entify  Measure

3.4 Custom Built Toolbars

The decision support GIS tool is built into the ArcMap interface as a set of custom toolbars
containing a series of functions and tools focused on guiding planning staff through
typical and repeatable travel demand and economic analysis based planning processes.
The custom toolbar has the following four key modules: (1) a Scenario Designation
Module, (2) a Network Analysis module, (3) an Economic Analysis module and (4) HEAT

Supporting GIS tools.
Montana HEAT =l
Scenario Designation = | Metwork gnalyses™ | Economic &nalyses™ | HEAT Tools™ User Guides™
X-14
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1. Scenario Designation. This section of the tool is the starting point for HEAT. A
new highway investment scenario can be created or an existing scenario opened and
edited to designate the scenario in the network. There is also the option to edit the
NOBUILD network.

2. Network Analyses. This is the part of the tool that runs the traffic assignment,
select link analysis, accessibility and user benefits for the scenario network. If the
NOBUILD was changed, these components need to be re-run for the NOBUILD, in
addition to the investment scenario.

3. Economic Analyses. This step represents the final part of the scenario analysis. The
visitors/tourism model, business attraction, construction cost estimation, REMI
analysis and finally the benefit/cost analysis of the project.

4. HEAT Tools. These tools are not directly connected to the HEAT scenario analysis,
but provide a means by which to gain some background information to help with
the process. The base map layers can be added or removed, the user can navigate
by city or county, commodity flows can be viewed through the desire lines tool, and
the HEAT library provides industrial profiles, tourism data and county-level
industry data.

5. User Guides. This menu contains links to the user manuals.

Cambridge Systematics, Inc. X-15
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4. Scenario Designation

4.1 Edit NOBUILD Network

|Scenariu:u Designation = | Mekw

Creake Scenario

Cipen Scenario

Edit Scenario

Edit Mo Build Metwaork:,

Purpose:

The NOBUILD should only be edited if the base network needs to be changed for a
highway investment scenario. The NOBUILD was recently updated to capture highway
segments with “pre-World War II” standards. If the NOBUILD is edited, the Network
Assignment, needs to be re-run for it.

Process:

1. Click the arrow to the right of Scenario Designation, and click Edit NOBUILD
Network. A warning message will appear.

arcvap x|

Mote: Editing the MoBuild requires a re-run of Assignment, Accessibility & User Benefits
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2. The NOBUILD Network and Nodes are added to the map and the editing toolbar
appears.

J Scenatio Designation > | Metwark Analyses™ ‘ Econamic Analyses™ HEAT Taools™ |

EEHENT LR ¥ Y-

B £F Layers Montana HEAT Base Network Editing Tool x|
5 B MTNOBUILD Tum Editar Onfoff < B A 5 37 Copy Attributes Paste Attributes [

= [ MT KO BUILD Nodes
.

3. The NOBUILD Toolbar has the following buttons (Listed left to right).

NOBUILD Network Editing To x|
Turn Editor QnyOFf be pal S . 4 @

e Turn Editor On/Off - This turns on the editor. The ArcInfo license
needs to be activated. The Editor is turned on when the standard ESRI
editing tools to the left are not grayed out.

P Split Line Tool - A standard ArcMap tool which allows a selected link to be
split. Only one can be split at a time. Attributes besides length are copied.

e ¢ View Centroid Connectors - This button toggles between showing and not
showing the centroid connector links for the network. Centroid connectors
should not be edited.

~ e Select Line - A standard ArcMap tool that selects a feature. Here it is used to
select a part or parts of the network. Hold down the shift key to select more
than one at a time.

+"<

Set Snap Tolerance - Use this tool to set the snap tolerance for new links
which are added to the network. Select the tool and pull it out on the map to
draw a circle which represents how close features need to be to be
“snapped” or connected to the network. It is important that any new roads
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are snapped to the network, because any gaps will cause incorrect results in
the assignment.

4 ¢ Add New Feature - A standard ArcMap tool that allows for the drawing of a
new highway link in the network.

e Update Attributes - This opens a dialog which lets the user view the

attributes most important for running a scenario, as well as the tools needed
to update and code in the NOBUILD attributes.

No Build Attributes Manager x|

Select The Field To Update Atktribikte Malues For Selecked Link
ACCESS TYPE (DIVUMNDIV) FIELD ALLAS | valUE DESCRIPTION |
AREA TYPE (AT ) PAVEMENT CONDITION | Paved

FUMCTIONAL CLASS (FC)

MUMEER. OF LAMES (LANES) ;EEETTIEPTL CLASS EE::: m':'ar Artetia

PAYEMENT COMDITION (PAYEMEMT) B

TERRAIM TYFE I:TERRJ:'.IN:I MUMBER. OF LAMES 2 Lanes

Select the attribute TYPE 2 LAMES (T¥PEZ) ACCESS TYPE LIrdivicer
THFE 2 LAMES FRE Wiy Changes will be
Select A Value R0 NAME STRAIM| reflected over here

SEGMEMT LEMGTH 25.82 m
SPEED 44 mph
CAPACITY 24970
TRAYEL TIME 35, 2090909 minutes

Select the value

Type In Yalue

Color Codes:

CukputfDescriptive Yalue
zer Defined Yalue
Default Yalue
Incorrect /Mo Walue

Update MoBuild Attribute Data

This will change the value
selected in the No Build.

X-18 Cambridge Systematics, Inc.
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4.2 Create Scenario

Purpose:

A new scenario first needs to be created to start the HEAT analysis. Starting a new
scenario creates a new folder in the SCENARIOS directory and necessary files are copied
to this new folder from the MODULES directory. The NOBUILD Geodatabase gets copied
to the scenario folder, and this copy becomes the scenario network. (Note: if the
NOBUILD has been edited, you must close and restart ArcMap, because of a locking issue
with the Geodatabase)

Process:

1. Click the arrow to the right of Scenario Designation, and click Create Scenario.
A dialog will appear.

Create Mew Highway Scenario il

I Enter

Cancel |

2. Choose a name for the scenario and hit Enter. A message will appear after it is
complete. (Note: Avoid using spaces in the name if possible, though this
shouldn’t cause problems.)

arcMap S

Mew Scenario '™MTO1' Made
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4.3 Open Scenario & Edit Scenario

Purpose:

Once a scenario has been created, it needs to be added to the map so that the editing can
take place.

Process:
Note: The letters in bold represent necessary steps

1. Choose Scenario Designation>Open Scenario and then find the scenario
you wish to edit. Hit Select to add it to the map or Delete to remove it
permanently.

Highway Scenarios |

Choose & Scenario

| -]

Select | Delete |

% HEAT 10-27-0<4 UPDATED - ArcMap - ArcIno =11 x|

Fle Edit Wiew Insert Selection Took Window Help
D@ng“{,gx‘nm‘@‘u,ﬁﬁmaﬁ "k’f‘@"t‘-"
RAHBTOEIEROBAD T |
%

Montana HEAT A =
EE=1 Layers Scenatio Designation ‘ Network Analyses™ | Economic Analyses™ ‘ HEAT Tools™ | I~
= M MTO1 Network
= B MTO1_Network Modes
Display [ Souree | B |>|_
Jgrawmg' k@\DvA'Ewa\ <[ =] Bz u A~ &~ v =~

[ [B21544,07 33986318 Meters |
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When you open a scenario, the link to the scenario folder path gets stored in
this file “C:\mdtdata\ HEAT\SCENARIOS\ THEPATH.TXT".

The scenario links and nodes are added to the map (Note: in this example,
the base map layers are removed). The nodes show the endpoints of each
roadway. These help you to see exactly where the roadway segments are
split and they are typically split due to different attributes. If you wish to
not view the nodes, uncheck them in the Table of Contents (TOC) on the left

hand side.

Open the Scenario Editing toolbar.

Scenatio Designation ™ ‘ Neb

Create Scenario

Open Scenario

Edit Scenario

Edit Mo Build Metwork,

Montana HEAT Highway Editing Tool

Turn Edikar OnpQFF _;f IT ‘? LA

T s

x|

@ o ﬁ' Construction Time Period

Refer to Section 4.1 to see how tools to the left of the “Update Attributes”

button work.

Update Attributes (Scenario) - This opens a dialog which lets the user view
the attributes most important for running a scenario, as well as the tools
needed to update and code in the Scenario attributes.

Scenario Attributes Manager

Select The Field To Update

Attribuke Yalues For Selected Link

X|

Select the attribute

b

Select the value

—1

TWPE 2 LAMES (TYPEZ) FIELD ALIAS | WALUE DESCRIPTION
NUMBER. OF LANES (LANES) PAVEMENT CONDITION | Paved
ACCESS TYPE (DIVLINDIY) FUMCTIOMAL CLASS Fural Major Arterial
PAVEMENT COMDITION (PAVEMENT) AREA TYEE nural Areq
FUMCTIOMAL CLASS (FC) Lo=
ROAD MAME I:FIRST_NF'-ME:I MUMEBER. iOF LAMES 4 Lanes
AREA TYPE (AT ) ACCESS TYPE ndivided )
TERRAIN TYPE (TERRAIM) TYFE 2 LANES IMPROVEDZ Changes will be
R.OAD MANME LS HWY 191 reflected over here
SESMEMT LENGTH 3,09 miles
Select A Value OVERRIDE SPEED 0 mph
MEW ROAD Mo
SELECT LIME MNo
SPEED &4 mph
CAPACITY 82080
TRAYEL TIME 2896875 minutes
IM SCEMARIO Yes
Type In Yalue 1 |ﬂ

Cambridge S Update Data and Put Segment in

Scenario

Choose Select
Link

Add/Remove
From Scenario

IJser Defined Yalue
Default Value

Incorreck /Mo Yalue

Toggles between

coding a Select
Link
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This will change
the value selected
in the Scenario

&

a. Update Value and Code as Scenario - This button will update
a selected link with the value that is chosen for an attribute in
the above list boxes.

b. Add/Remove Link From Scenario - This toggles between the
selected link being coded as part of the scenario or not.

c. Flag Select Link - For each scenario, a Select Link must be
chosen for the Select Link analysis which happens
automatically during the assignment. The user should choose
a “representative” link from which origin-destination patterns
will be determined.

d. Run Speed Calculations - This allows for the updating of
speed, capacity and travel time, without having to update
attributes.

Road Classifications - This button will let you color the scenario roads
based on Scenario Roads, New Roads, Centroid Connectors, No Speed
Calcs, or No Category (All roads the same symbol).

Select Scenario - This button selects all of the roads in the scenario.
Construction Time Period - For each scenario, a start and end year need

to be defined for the estimated construction time period. These years are
used throughout the rest of the HEAT analysis.

X-22
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5. Network Analysis

5.1 Assignment

Purpose:

The purpose of the Assignment procedure is to assign traffic volumes to the scenario and
NOBUILD highway networks based on an origin-destination (OD) table. The assignment
uses an “all or nothing “ approach, which means that the shortest path from origin to
destination is always used, regardless of the volumes on the roadways (a reasonable
assumption for most uncongested roads). Any time the NOBUILD and scenario highway
attributes are updated, this must be re-run.

Process:

Mebwork Analyses™

Assignment

Arcessibility

Ilser Benefits

1. Click the arrow to the right of Network Analysis, and click Assignment. A
message will appear.

MsgBox Demonsk X]

Run Mo Build Assignmenk?

2. If the NoBuild has been changed, then you must run it, otherwise “No”
should be the default. If you select “Yes” to run the NoBuild, then once
that has finished running, you must then run the assigment again and
click “No” to run the scenario assignment.
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3. Due to restrictions in the Network Analyst for ArcGIS, ArcView 3.3 is used
to run the assignment. An ArcView 3.3 project will open which contains
scripts which run the assignment and select link analysis. A message box
appears when the ArcView 3.3 assignment project opens. (Note: Make sure
that the Network Analyst Extension is activated in the APR project)

9 Run scenario azsignment now?

4. Since the assignment can run anywhere from 40 minutes to over an hour,
this option to cancel the assignment was added in case it was started by
accident.

5. If “Yes” is selected a confirmation dialog which gives the name of the
scenario appears. Hit “OK” and the assignment will run.

x

O T Scenario Azgignment Starting

! Thu Oct 28 16:03:42 2004 TIME STARTED

O Thu Oct 28 16:43:16 2004 TIME FIMISHED
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5.2 Accessibility

Purpose:

The purpose of the Accessibility analysis is to determine the changes in travel times from
each HEAT Zone (County) centroid to various facilities and markets. These facilities and
markets include Large Cities, Airports, Border Crossings, Grain Elevators, etc. Changes in
accessibility are inputs to the business attraction analysis module.

Process:

After the Assignment has been run, choose Accessibility under the Network
Analysis category.

Metwork Analyses™

Assignment

Iser Benefits

Once again, limitations within the ArcGIS Network Analyst prompted the
use of ArcView 3.3 for this procedure. Travel time polygons get created for
the scenario and NOBUILD networks and stored in the respective folders.

When it is finished, this message appears. This should only be selected if
the majority of the scenario is 4 lanes, and it’s a function that ties into the
business attraction analysis.

9 iz thiz a 4 lane zcenario ?

The results can be viewed in the “accessresults.dbf”, which is located in
HEAT/SCENARIOS & the current scenario folder.
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5.3 User Benefits

Purpose:

The purpose of User Benefits is to determine the various differences in monetary terms
from the NOBUILD and the Scenario for travel time, operating costs, accidents, and
reliability. These are the categories of user benefits, which are further defined by trucks,

business auto trips, and non-business

Process:

auto trips.

1. After the assignment has been run, choose User Benefits under the Network

Analysis category.

Metwork Analyses™

Assignment

Arccessibility

2. A dialog appears

User Benefits Results

aal
Edit User Benefit
Parameters

Save UB
Results

Run User

Impork UB
Results

Benefits

Total Benefits ITraveI Time | Fuel | Non-Fuel | Travel Reliability | Fatalities | Injuries | PDDs | HC | co | o | coz |

— Inputs to Business Cost Savings

Daily bruck inputs: I
Total Annual truck Ii

inpuks:
Annualization
Factor: 280

Re-calculate

Annual ¥YHT Statistics

Scenatio Truck. I
WHT:

NoBuild Truck
YHT:

Truck YHT
Savings:!

Daily Business auto
inputs:

Draily Mon-Business
auto inputs:

—

Annual Business

: Annual Mon-Business
auko inputs:

auto inputs:

MoBuild Auta
WHT:

Scenatio Auto

Auto YHT
Savings:

Run Business
Cost Savings

Export
Summary

—

Run Non-Business
Cost Savings
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3. Since the files need to be processed in ArcView 3.3 for the Assignment,
when this dialog is opened, the scenario Geometric network is switched
with the NOBUILD and scenario shapefiles in ArcMap. (Note: Sometimes
an error occurs in re-loading the Geometric network - if so, just re-open the

scenario)

4. The first thing to do is choose “Run User Benefits” button. The process will
take a few minutes to run. You will see a blue status bar in the upper right-
hand part of the dialog which lets you know how far along the process is.

5. When it is finished it should appear as shown below, with values for the

various outputs populated.

User Benefits Results

TCPO90806

Total Benefits | Travel Time | Fuel | Non-Fuel | Travel Reliability | Fatalities | Injuries | PDOs | HC | cO | NO | co2 |

. ImportUB |
Results

USER_BEMNEFITS finished

Save UB
Results

| Takal | all Trucks | Aukos | Mon-Freight Tr... | Aaricultural Pr. .. | I4ining Produck
MNOELUILD $23,222,084.33 | $13,477,721.75 | $9,744,362.58 $2,256,0658,37 $664,423, 98 $57,016,40
Alternative §22,794,237.87 | $13,327,510.36 | $9,466,727.51 $2,213,025.53 $657,180,31 486,191,581
Difference $427,846.4A $150,211,39 $277,635.07 443,042 84 $7,248.67 $524,59
Jl | i
— Inputs to Business Cost Savings
Daily bruck inputs: !ZJaiI',-' Business auko I 34 865.80 Daily Mon-Busingss I 173,911 44
I $130,143.98 nLts: $34, o e $173,
Tatal Annual truck Annual Business e
; Q,762,424.00 Annual Mon-Business 45,695,203, 20
inpits: I $36,441,714.40 e I $39,762, L I $48,695,
Annualization
Fackor: I 280 )
Run Business Run MNon-Business
Re-calculate Cost Savings Coskt Savings
Annual ¥HT Statistics
MioBuild Truck I 48,806;??0.00 MoBuild Aauta I 90,6?4_,548.55
WHT: YHT:
Export
Scenario Truck I 4&24?‘.5953? Scenario Suko I 88,2?9,492.09 Summary
YHT: YHT:
Truck YHT I 559,074,135 Ao YHT I 2,395, 156,46
Savings: Sawings:

Cambridge Systematics, Inc.
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6. Once the results are shown, the Save UB Results button should be clicked.
The results are saved to a text file in the scenario folder. This way, next
time this dialog box is opened, you can use Import UB Results to load the
results in without having to re-run it.

7. Before the dialog box is closed, both the Run Business Cost Savings and
Run Non-Business Cost Savings need to be run. These provide inputs for
REMI and the benefit-cost analysis, and you will get a message box
reminding you if you did not run them.

arcMap x|

You Must Run Business Cosk Savings

arcvap x|

You Must Run Non-Business Cosk Savings

8. When you click Run Business Cost Savings you will get a message which
asks you if the scenario is statewide and if default select link values should
be used. If you have projects that are spread throughout the state in a
scenario, you should click yes to represent origin-destination patterns for
the entire state. For corridor studies, you should not click yes, and instead
should pick a representative highway segment for the select link analysis.

select Link Yalues X]

Is this a stakewide scenario (use defaulk select link valuss?)

The select link analysis helps you get information on the OD flows for the scenario. To
view this information, you can open the “userbenefits_remi_inputs.xls” spreadsheet. This
spreadsheet is located in HEAT/SCENARIOS & the current scenario folder. The numbers
for each of the Regions can be viewed in businessautobenefits and truckbenefits sheets.
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MEN
15|
16
17 husiness auto benefit $935,689
18 |REMI Employment 00172 7 D.0592 0.0738 0.052 0.7796
189 |REMI 3 REmI 4 REMI & REmMI 1 REmI 2 REMI 3 REMI 4 REMI &
20 1.483 0.942 2063 214 £31,713 £39 534 §27 856 F417 523
21 3614 1.183 4,063 214 £31,713 £39 534 §27 8ok §417 523
22 1.797 1.972 1.097 214 £31,713 £39 534 §27 8ok §417 523
23 g8.443 3613 7a73 9,214 £31,713 £39 534 §27 8ok 5417 523
24 G.833 4.02 7484 9214 £31,713 £39 534 §27 85k §417 523
25 17.799 7933 9122 9214 £31,713 £39 534 §27 85k §417 523
25 37.022 15.786 31.161 9,214 £31,713 £39 534 §27 8ok §417 523
27 4 284 1.67 G794 9,214 £31,713 f39 534 §27 8ok §417 523
28 71.097 28.839 F0.382 9,214 £31,713 f39 534 §27 8ok §417 523
29 4 596 3187 G124 9,214 §31,713 §39 534 §27 8ok $417 523
30 156 968 B3145 135063 592,139  $317,128]  §395,338] %276 558] §4,176,.231
31
32
33

Draw= [ | Auoshapes- > w O E 4l B & d-Z-A- == B @l .

- businessautobenefits spreadsheet

10

1

12|

13

14

15|

16 | trucking benefit $4,857,309°

A7 Truck TSAs | pettruckben R1 | pertruckben R2 | petruckben R3 | pertruckben R4 | pertruckben RS
18 il Output |0.0688 _|D.0052 0.2319 0.1904 0.4089

19 |REMI 2 [REMI 3 [REMI 4 [REMI 5 [truck services |own-account [REMI 1 REMI 2 REMI 3 REMI 4 REMI &

20| 2962 0863 053 1.363 0.01391 0.00B81| 334182.85520 25258.00680 0 112640995710 92483163360 1986153.65010
21| 089 1.053 0334 1.373 0.01791 0.00B03| 334182.85520 25258.00680 0 112640995710 92483163360 1986153.65010
22| 0592 0473 0614 0.601 0.00721 0.02306| 334182.85520 25258.00680 0 112640995710 92483163360 1986153.65010
23] 1126 1.2 0493 1.061 0.01513 0.05589| 334182.85520 25258.00680 0 112640995710 92483163360 1986153.65010
240 1321 1865 1347 2075 0.05021 0.00051|  334182.85520 25258.00680 0 112640995710 92483163360 1986153.65010
25| 3353 5203 2554 3234 0.00295 0.00059| 334182.85520 25258.00680 0 112640995710 92483163360 1986153.65010
26| 2162 2485 1054 2107 0.00439 0.03728| 334182.85520 25258.00680 0 112640995710 92483163360 1986153.65010
27| 0859 1.225 0467 1.959 0.00386 0.03816| 334182.85520 25258.00680 0 112640995710 92483163360 1986153.65010
28| 35946 45859 2042 4320 0.00392 0.01753|  334182.85520 25258.00680 0 112640995710 92483163360 1986153.65010
29| 0108 0104 005 0.147 0.00852 0.06055]  334182.85520 25258.00680 112640995710 92483163360 1986153.65010
30| 17325 19,630 9515 18.242 0.12800 0.24660

31

32|

H 4 M

% businessautobenefits ' bruckbenefits ¢ auto by wmt # truck by WMT 4 REMI inputs Final 4 REMI inputs / JLI | |
& - LZ-A-=S=5 8B @ .

Draw= [3 | Agtoshapes~ ™. "w [ O 4[ E

- truckbenefits spreadsheet
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6. Economic Analysis

6.1 Visitors/Tourism Model

Purpose:

This step is an optional analysis module designed to be used when a highway
improvement is likely to result in increased tourism. The module allows users to enter in
the number of new visitors that are expected to be attracted to each county due to a
highway investment scenario.

Process:

1. From the Economic Analysis menu, choose Visitors/Tourism model. The
Excel spreadsheet will open in front of ArcMap. Minimize Excel to view the
dialog shown below.

HEAT Yisitor Analysis X|

Enker number of annual visitors
attracted ko individual counky

I

Maontana Counties In Scenario Counties Atkracting Visitars

Golden Yalley Yellowstone
Yheatland Add
Cascade

Judith Basin

Remove

Run ¥isitor Analysis

2. Choose a county and add it into the right-hand list. Enter the number of
visitors at the top and then click “Run Visitor Analysis”. The counties listed
are the ones that have highway improvements. This will populate the
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spreadsheet for each county selected. If more than one county appears in
the right list box, all will be given the amount of visitors entered at top.

3. When you are finished, hit “Yes” on the message box that appears below.

MsgBox Demonsktration il

Misitor numbers added Faor selecked counties, Are vou finished For this scenario?

To view this information, you can open the “visitor_remi_inputs.xls” spreadsheet. This
spreadsheet is located in HEAT/SCENARIOS & the current scenario folder.

6.2 Business Attraction

Purpose:

The purpose of the business attraction analysis is to estimate industry by industry job
impacts due to increased accessibility to markets, people, airports, border crossings, and
intermodal rail terminals. This is an additional business effect from more traditional
transportation cost measures, and captures both industry competitiveness characteristics
(i.e., growth trends, costs, etc.) as well as the transportation reliance of each industry.

Process:

Economic Analyses™ HEAT

Misitor) Tourism Model

Business Akkraction

Scenario COST Estimatar

REMI Impack &nalysis

Benefit/COST

1. Under Economic Analysis, go to Business Attraction. There is no user
interface, as the process runs behind the scenes. After a few moments, this
message will appear and you can hit “OK”.
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arcvap x|

Business Attraction is completed - CA/O portion af business attraction will now run

2. It takes a few seconds to run and you will be informed at the bottom-left
part of the screen as to what is taking place. Pay close attention to these
messages so that the process isn’t exited prematurely.

STAND BY FOR BUSINESS ATTRACTION TO FIMIZH. ..

3. REMI inputs get populated at this point. This message signals that the
process is over and you can move on to the next step.

arcvap x|

Populating REMI inputs For business attraction

To view the business attraction information, you can open the
“business_attraction_remi_inputs.xls” spreadsheet. = This spreadsheet is located in
HEAT/SCENARIOS & the current scenario folder. The “CAOCALCS” sheet contains
the information by REMI Region.
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6.3 Scenario Cost Estimator

Purpose:

The Cost module is intended to calculate the costs of the highway investment scenario.
Each of the links in the scenario is grouped by attribute category and run through the cost
spreadsheet. For example, if 100 miles of roads are all coded as level/plains, 2 lanes,
Improved 2, these 100 miles will represent one run in the cost module. Depending on the
different kinds of attributes present, it may need to run several times.

Process:

1. Under Economic Analysis, choose the Scenario Cost Estimator sub-
category.

Econamic Analyses™ H HEAT To

Wisitor/ Tourism Madel

Business Akkraction

Scenario Cost Estimator

REMI Impact Analysis

BerefitfCast

2. If Cost results are found, this message will appear. If not, the module
dialog box will open automatically.

L X

Cost resulks Found, Overwrite these?

3. This dialog box will appear first when the Cost module is run. You can
adjust the Discount Rate & Benefit/Cost Time Period accordingly.

Cambridge Systematics, Inc. X-33



User Guide: Montana Highway Economic Analysis Tool (HEAT)

costs

MTO1 Bun 1

Discount Rate BJ'C Time Petiod

RUMN |

4. Hit run to open the Excel Cost spreadsheet and begin the cost runs.

The Heat Cost Spreadsheet
=18]x]

- Arial

File:

DR ek vy

Edit

Yiew

Insert  Format  Tools Data  Window Help
BB oo = -4 @ - E,

B 7 U B8 %, W3 H-2-A-

n -
#

Type a question for help |+ 2 B X%

Cost Results Appear
at the bottom of the

page

8]

MTO1

A Highway D= = 1003, 1041, 1042, 1043, 1483, 1488, 1625, 1629, 1842, 1848, 1849, 1850, 1851, 1854, 1655, 1656, 1858

Instructions:

Please enter all requested infarmation below (make sure Excel marcos are enabled)
After completing this section, please refer to the "Cost Estimate” tab at the

bottorn of the spreadsheet to view the estimated cost breakdown. Unit prices can be
adjusted to match current bid tabs and MDT's average price items catalog

1)

Project units:

. [ Metric
. [¥]Enalish

Mote: Re-enter quantities in sections 5 & B if units are changed.

Project type:
Save Cost Info

5 Rural

[Jurban

Cross section type:

. [J4-lane roadway on new alignment (&0 Ft (24, 2m) width]
5 Expand a 2-lane road to 4 lanes [30 ft (24.2m) total width, includes 2" {S0mm}) overlay on existing 2-lanes]

. [ Major Rehabilitation on existing alignment [enter new & existing roadway widths in sections Sa & 5]

d. [Jowverlay Project [enter overlay width & thickness in section Se & 5F]

. [Jz-lane roadway on new alignment [enter roadway width in section 5a)

4 4 » M[\Enter Information { Calculated Quantities Cost Estimate{ Cost_Rurs £ B-C Analysis £ hotes /°

- Draw = [};|Agtn5hapes'\ \DO‘?‘::|&v£v&vE§E.e'

Ready

When you are ready to submit this
cost report, hit this button and go back
to ArcMap to run the next round of
segments.

T

iastart H a @ “ @Cnlumhus Avml heat_user_g..‘l aHEAT 1D—ZE—.H| @D\ctmnary.tn...l aMlcrnsnft Wis... | Micrusoft o @untltled—Pa\nt Nﬂ 5:56 PM

5.

If not already open, click on the “Enter Information” tab, scroll up and
down review the inputs to make sure everything is correct. The default
values should do for most analyses, but some scenarios may require specific
adjustments. When you are ready, hit the “Save Cost Info” button.
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6. Next go back into ArcMap and hit run in the open dialog box.

HEAT Scenario Costs

X i

Current roads being run

]
I MTO1 — Run 1 the Cost spreadsheet.

7. The next group of segments for the scenario will be highlighted as shown
above so you can see which roads the cost module is being run on.

8. Repeat this process for each of the road segments with the same attributes.
When it is finished, this box will appear. If you close it, the cost process will
end and the cost info will be stored in the scenario folder. The Total Cost of
Construction represents the capital cost in undiscounted terms for the
construction period. The PV of Costs represents the present value of
discounted costs over the full life of the highway project, including long-
term operating and maintenance costs and is used in the benefit-cost

analysis.

x|
Total Cost of Construction: £500 207 445 =3
P¥ of Costs: $614,661,355,90
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6.4 REMI Impact Analysis

Purpose:

REMI (Regional Economic Models, Inc.) provides a way to analyze the total economic
effects by region based on inputs provided. The modules that have been run thus far all
contribute to these inputs and these are automatically added to REMI and run through the
ArcMap interface.

Process:

1. Under Economic Analysis, choose the REMI Impact Analysis sub-category.

Economic Analyses HEAT

Wisitor Tourism Model

Eusiness Attraction

Scenario COST Eskirmakor

REMI Impact Analysis

Benefit/COST

2. If REMI has not been run, you will see this box appear.

REMI Intetface x|

REMI inputs have not been created

REMI has not been run

Make Input Files | Run REMI |

Yiew Results

3. Choose make input files to process the text files from the Input spreadsheets
which will be used as the basis of the REMI runs for each region. Note:
Make sure Excel is open before making input files.

4. You can choose to run REMI now or close the dialog and run it later.

5. If you re-open the dialog, it will appear as follows.
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REMI Intetface x|

REMI Inputs have been created
REMI has been run

éﬂverwrite Input : Run REMI |

Yiew Results

6. If you haven’t yet run REMI, hit the “Run REMI” button and REMI will
start and the input files (in CSV format) will be automatically added in.
When it’s done, REMI will close and 5 new text files will be produced
(REMIdata.1, REMlIdata.2, etc...), one for each District.

7. Just say yes to the following message( This is something internal to MT
DOT)

MsgBox Demonstration ﬂ

Are you running Srcials with privieges?

8. When you choose “View Results”, the REMI output spreadsheet opens and
is summarized in a dialog box which opens in ArcMap. Minimize the
spreadsheet to view the dialog.

‘. HEAT_ArcGIS_09_13_06.mud - ArcMap - Arcinfo. =lelx]

J Fle Edit Wew Insert Selection Tools Window Help

TEETE e e T =10 e EEEE ==
Editor * | » ‘ & Tk |Create Mew Feature =] | Target: | ~| |X (] ‘ | R |
T -
& xl
5] glm &
o ¥ TCPOo0806_Mety Scenatio Designation ¥ ‘ Network Analyses™ ‘ Economic Analyses™ ‘ HEAT Tools¥ ‘ User Guides™
— <all other valu
Mot in Scenar @ Jobzsog5635
) " [‘W GRP:$31 0 2025
Scenario Roac | e l{- Jobs = 287
i GRP= §14.0
STATE TOTAL - 2025
Selection Resuls | DWS
‘ariable | Difference | % Difference | = reat Fall
Population 1,962 0.17%
L
Total GRP (Wil Chained 20... 107 0.32% Ll Ay
Total GRP (il Fixed 2000%) 135 0.32% Helona Bicgeict, 28
Real Pers Inc (Wil Fixed 2... 81 0.22%
Cutput (Bil Fixed 2000%) 229 0.37% o~
Butt Distm,'lt i 5/
All Jobs 1,804 0.27% . Billings
Farestry, Fishing, Other 54 0.85% wili
Mining 21 0.31% Pistrici 2
Utilities 15 0.56% —y !L
Construction 203 0.37% 2025 025
Manufactring 140 0.57% S = 372 dobs = 228
Wholesale Trade 3% 0.23% b-g320 GRP = $14.0
Retail Trade 183 0.24% =l
Noke: To convert fram 1996 ta 2004 dallar multiply the dallar concepts by 1.1504
_Displey [Source] Selection] | h e o
Jgrawmgv NQ‘D'A'ELO]A:@\ =l [0 = BI!‘Av&viv;v
[ [35.33 365,43 Mies I

Botart| | @ Qe &P IAABOQED OO a |G @] o [[@n B ENMEGPIZIES  ssem
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9. Asshown above, select the “Results” tab to view the Regional Impact
Results differences for each of the 5 regions (aka Distsricts) of the state
totals. Labels showing regional summaries are also added to the map.

6.5 Benefit/Cost Analysis

Purpose:

This represents the final step in the HEAT scenario analysis. The Benefit/Cost module
prepares the Benefit/Cost spreadsheet that takes inputs from the Cost spreadsheet as well
as the REMI spreadsheet and others to come to a final Benefit/Cost ratio for the scenario.

Process:

1. Under Economic Analysis, choose the Benefit/Cost sub-category.

Economic Analyses HEAT To

Misitor) Tourism Model

Business Atkraction

Scenario Cost Eskimator

REMI Impack Analysis

Benefit/Cost

2. If Benefit/ Cost has not been run, a dialog will be shown to run B/C, the
B/ C spreadsheet will open and the numbers will be populated.

HEAT BENEFIT/COST x|

I MT 3B

Run Benefit/Cost
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3. Once Benefit/Cost has finished, the summary dialog will display as shown
below. The Benefit/Cost Excel spreadsheet will also open, and you can
view that for more detailed information (HEAT_BENEFIT_COST .xls).

Benefit/Cost Results

X

Scenario: TCPO90806

PY of Costs: 4747,041,078
P¥ of Benefits: $2,D 10,208,052
Met Present ¥alue: $ 1,263, 166,9?5
Benefit/Cost Ratio: 2.69

Get Economic Impact Results

Detailed Yiew

4. If you click the “Get Economic Impact Results by Region” button, the
same dialog that comes up after the REMI results are finished is shown here

as well.

Economic Impact Results by Region

STATE TOTAL - 2025

Selection I Resulks |

Select Year

| 2025 |

Select Region

| S ~|

X

Cambridge Systematics, Inc.
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To view the Benefit/ Cost information, you can open the “HEAT_BENEFIT_COST.xls”
spreadsheet. This spreadsheet is located in HEAT/SCENARIOS & the current scenario
folder.

7. HEAT Tools

Heat tools are a collection of reference modules that are not directly connected to the
HEAT scenario analysis, but provide useful background information on mapping,
commodity flow data, industry profiles, and tourism data.

7.1 Add/Remove Base Map Layers

Purpose:

The purpose of the Add/Remove Base Map Layer tool is to add certain map layers to
ArcGIS, including the following:

Boarder Crossings
Major Cities
Airports
Railroads
Districts

Water Boundaries
National Highway Planning Network (NHPN)
Streets

Places

Parks

Forests

Relief

Add/Remove Base Map Layer tool will enable you to add these base maps to the map
view using predefined symbols and scales.
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Process:

1. Click the arrow to the right of HEAT Tools on the Custom Built Toolbar and Click
Add Base Map Layer.

| HEAT Taols>

Add Base Map Layers

Desire Lines Taoaol

Heat Library

Map Mavigation

a. If the base maps are not loaded to the MXD file, it will load all base map
layers and add them to the Table of Contents (TOC) and map view.

b. If the base maps are already loaded to the MXD file, it will remove all base
map layers from the TOC and map view.

7.2 Desire Lines Tool

Purpose:

This tool enables you to utilize the origin/destination travel information to draw "desire
lines" to show the volume of trips between TAZs (counties) of major commodities & autos.
This tool allows you to query the commodity flows to see, for example, the top 10
agriculture commodity flows (by origin and destination) within Montana,

Process:

1. Click the arrow to the right of HEAT Tools on the Custom Built Toolbar and Click
Desire Lines Tool.

HEAT Tools> |

Add Base Map Lavers

Desire Lines Tool

Heak Library

Map Mavigation
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2. Three GIS layers will be added to the TOC and Map View: Major Cities, Desire
Lines, and Montana TAZ. In the meanwhile, a dialog form will be presented for
you to specify the commodity type and flow type.

= & Map Display
= Major Cities
+ <all other values =
CAPITAL
e N

7N
=l Diesire Lines
|
=l Maontana THE
MOMTAMA
0

[

— G p— ¥
Ml HEAT Desire Line £

Chaose The Commadity Field:

j
™ Find Top Flows

| Bl

x|

= Find Specific O-0 Pairs

3. Click the arrow to the right of the commodity field box to get a dropdown list of all
commodity types. Click and choose one of the commodity types.

Desire Line Analyz x|

Choose The Commodity Figld:

| J
-
Auka Trips (Mon-Freight)
Total Trucks
Aariculture
¢ Durable Goods
Mon Durable Goods
Misc. Transportation

Resources (Minerals)
Warehousing

4. Choose one of the two option buttons: Find Top Flows or Find Specific O-D
Pairs.

5. Click the arrow to the right of the empty dropdown list and select one of the
movement types:
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all movements

internal to internal
internal to external
external to internal
external to external

Desire Line Analyze x|

Choaose The Cammadity Figld:

Durable Goods

* Find Top Flows

[] |

Al Movements
Internal ko Internal
Internal bo External
External ko Internal

Fwtermal bn Fybarnal

6. If you have chosen Find Top Flows in step 4, you will be presented with the

following form, where you will choose TAZ(s), specify the number and direction
of top flows.

HEAT Desire Line Analyzer |

Choose The Commodity Field: Choose The TAZ(s):

Auko Trips (Mon-Freight)

- -

Find The Top I Flaws

I External o External ﬂ [T 1o [ From  The Selected TAZis)

" Find Specific O-0 Pairs Select |
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&l TaZs

Yellowstone Park

190 Idaho Border
Montana Highway 200
U3 Hwy 2 Idaho Baorder

LS Hwy 93 Idahao Border
U3 Hwy 12 Idaho Border

IS Hwy 93 Canada Border

LIl

= HEAT 10-28-04 UPDATED - ArcMap - &

J File Edit Wiew Insert Selection Tools ‘Window Help

== x|

|ID@EEH&| 5 BB X|w | |[50050 v[|5g‘i§3|\?|

[ RQruO@eEs B RO M

B £F Layers
= mk3 best_Metwark,

= k3 test_Metwork Nodes
.

Desire Line Analyzer | x|
[

Scenatio Designation ™ | Metwork Analyses™ | Economic Analyses™ | HEAT Tools™

7| | m@E
[Montana HEAT

| % [= [z =]

[

Choose The Commodity Field:

Choose The TAZ(s):

Durable Goods
=

& Find Top Flows
I All Movements =

" Find Specific ©-D Pairs

All TAZS
-

Find The Top 5 Flows

Im 70 T From  The Selected Taz(s)

Select I

Selected Desire Lines !

O

HI-LIGHT |

190 Idaho Border to I 90 Wyvorning Border

[ 1901IdahoBorder ko I 94 Morth Dakota Border
[ 1 90Wyoming Border ko 190 Idsho Border

O Gallatin County to Yellowstane County

[ 94 Morth Dakota Border ko I 90 Idaho Border

LABEL | STATS | o-D | CLEAR |

Dizplay

Lo

ol

20 =4

|»

Ll

P O

7. In the above example, Durable Goods is chosen as the commodity for All
Movements, All Tabs. The Top 5 of these O-D flows is selected and displayed on

the map.
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Desire Line Analyzer

x|

Chouse The Commadity Field: Choose The TAZ(s):

Al TAZS

Durable Goods J

 Find Top Flows

" Find Specific 0-D Pairs

Find The Top. |—5
Al Mavements __|v T 7o T From  The Selected T47(5)

Select

1

Flows

Selected Desire Lines :

190 Idsho Border to I 90 Wyoming Border
190 Idsho Border to I 94 North Dakota Border
190 %yoming Border to I 90 [dsho Border
Gallatin County to Yellowstone County

194 Marth Dakota Barder to 190 [dsha Border

ooooo

Hl—LIEHTl LABEL | STATS |

0-D | (LEAlll

3]
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Check off the flows —»
you wish to view

Desire Lines Analyzer Buttons:

e HI-LIGHT - This hi-lights the flows that have been selected

e LABEL - This will label the actual number of flows

e STATS - Provides some basic statistics on the Desire Lines chosen
e O - D - Shows the internal/external O-D breakdowns

o CLEAR - Resets the desire lines

Cambridge Systematics, Inc. X-45



User Guide: Montana Highway Economic Analysis Tool (HEAT)

7.3 Library

Purpose:

The HEAT Library serves as a way to view background information on industrial profiles
and tourism data, and map industry concentrations at the county level.

Process:

1. Open the Library by going to HEAT Tools and then Library.

HEAT Tools™

add Base Map Layers

Desire Lines Tool

Heat Librarsy:

Map Mavigation

2. Like the Desire Lines Tool, a new map frame will be added and a county
shapefile is added which display a colored map showing the various levels
of employment for different industries.

"®  HEATO1.mxd - ArcMap - Arcinfo = |E | ><|

File Edit View Insert Selection Tools Window Help
DSE&|F @x | | #]|[379505 ] 2] &k |

Editor w || » | 217] st [Crecre i (VSN ) ﬂ
o 2
w‘ Scenario Designation w | Network Analyseswr | Economic Analy HEAT Toolsw
CEEEaE  Ele
=
= £ Layers |

8 @ MT3-B_Network

T T T T

Industrial Profiles E

Libert  Choose an Industry to Examine

B B MT3-B_Network Nodes Glacier
.

= £ Map Display Agriculture - Roosevelt
= B Major Cities Fabricated Metal
CAPITAL Food Manufacturing
N Furniture
High Tech |

Y
@ @ Montana Counties

Tourism Data |

FOOD View Map | View Report
00-20

o 21-% L .

o 51-100 - Judith Basin

o 101 -200

B 201 - 1000000

‘Wheatland
G

Beaverhead

Display [Source] RS i

| Drawingw X |0~ A~ & [ Sl B zulA- - s .-

| 1470961.89 658342.94 Meters |

i Start H @) s H @ HEATOLm.. 3 OTHER | 1) heat_user_g... | ‘513: BEGLIN VRPN 1145am
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Car

3. Choose and industry from the list and then hit View Map to see the

changes.

4. Hit View Report to see a brief write up (in HTML format) on the industry

as it exists in Montana.

FOOD and KINDRED PRODUCTS - Microsoft Internet Explorer K

File Edt Wew Favortss Tools Help | =

Back ~ = - (D | Qsearch GelFavorites @hveds < | B Sb ] - 12

=| @e ‘Llr\ks =

Address DAHEATYMODULES\LIBRARYYindustry profilesiFood Manufacturing, htm

Google - | | #pseachweb -+ | g3 | Bvblocked EJouior! | Fdoptions A

Industry Profile: Food Manufacturing
Overview

The food mamifacturing industry includes firms such as daities, pasta plants, bakeries, and sugar refineries that transform
liwestock and agriculural products into food products for intermediate or final consumption. In Montana, the industry is
large, accounting for almost 10 percent of the state’s manufacturing jobs and 9 percent of the total value of its
mamifacturing shipments. Mationally and in Mentana, food manufacturing has experienced consclidation, reflected in
declining employment and output over the long term. However, since 1990, the industry in Montana has stabilized to
some extent and has recently demenstrated increasing walue added per shipment. The industry relies heavily on truck
transportation for accessing both supplies and consumer markets. Many in the industry feel that msufficient truck service
and high freight rates in Montana hinder busmess growth

National and Global Trends

In 2000, the food manufacturing mdustry accounted for 8.1 percent of the nation’ s manmfacturng sector gross domestic
product and 1.4 percent of total gross domestic product. While output walue of the food products mdustry ncreased
during the 19505 by eight percent in real terms, the industry’ s portion of total gross domestic product has declined from
its 1990 level of 1.7 percent. This trend mirrors the national decline in the importance of the mamifacturing sector as a

whole =
|&] Done 1| &y Computer v

5. Choose the Tourism Data button to view an excel spreadsheet on MT
visitation at the regional level, with county-level employment and
population to perform county allocations.

E3 Microsoft Excel - MT_

DeEY - T -8 (e

(3 ta %a A& | @ % @ | v¢Reply with Changes... End Wee o

Aricl ~10 ~ B IEU B %, BB EE DA

EDEls Edit View Insert Format Tools Data Window Help uestion for help  [7iaiEise

A3 - 13
A B ¢c [ o [ E [ F [ 6 [ H [ 1 [ 3 T « [ L [ ™M [ N P a (=

1 ident Visitation to

2 | Institute for Tourism & Recreation Research

3
| 4 Spring 2001 ANNUAL TOTALS

5 Visitor Groups 579300 Visitor Groups 4080829

6 |Avg goup size 1.97 Visitor Days 36,642,028
| 7 |# of nights in MT 3.04
| 8 |Visitor Days 3,469,312

9
[ 10 |% of Overnight Stays by region Visitor Days by region |Visitor Days by region

11 | Glacier 29% 1,006,100 Glacier 10,981,704
[ 12 |Custer 25% 867,328 Custer 6,674,341

13 | Yellowstone 21% 728,555 | Yellowstone 10,266,957
| 14 |Gold West 1% 381,624 Gold West 4,095,774

15 Russell 10% 346,931 Russell 3, 8
| 16 |Missouri 4% 138,772 Missouri 1 4|
117 100% total 36,642,028 | |
18

19 | Summer 2001
| 20 |Visitor Groups 2267140
| 21 | Avg goup size 25

22 # of nights in MT 4.2
| 23 |Visitor Days 23,804,970

24

| 25 |% of Overnight Stays by region Visitor Days by region

| 26 |Glacier 33% 7,855,640

27 |Custer 14% 3,332,696
| 28 Yellowstone 30% 7,141,491

29 |Gold West 11% 2,618,547

| 30 |Russell 9% 2,142,447
31 Missouri 3% 714,149

32 100%

\} < » »\Summary Info/ Glacier Country / Gold West Country / Russell Country / Yellowstone Country MissouriRiver Country / Custer Country / MDT Districts |« | il

Draw- : AutoShapes- . % [1O &

Ready.
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7.4 Navigation Tool

Purpose:

This tool helps you to move around the map display area and let you easily view a
specific location. The drop-down menu contains a predefined list of geographic categories
to which you can zoom.

Process:

1) Click the arrow to the right of HEAT Tool on the Custom Built Toolbar and
Click Map Navigation.

|HEP.T Tools>

Add Base Map Lavers

Desire Lines Tool

Heak Library

Map Mawvigation

2) You will be presented with the following form. Select one of the two options:
City/Town or County by clicking one of the option buttons.

x

® City,/Town j

® County

Zoom |

e If you select the City/Town option, a GIS layer called “Places.lyr” will be
added to the TOC and the map view. The text box drop down list will be
populated with all Cities/ Towns in Montana, sorted in alphabetical order.
Click the down arrow to the right of the dropdown list and select any
City /Town from the list.
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x

& City,/ Town

i Custer
Cut Bank.
Drarbey

Mawtnn

® County

¢ If you select the County option, a GIS layer called “mt_taz_sp.lyr” will be
added to the TOC and the map view. The drop down list will be populated
with all counties in Montana, sorted in alphabetical order. Click the down
arrow to the right of the dropdown list and select any county.

x

® City,/ Town

Chouk
Custer
Naniels

& County

3) Click the Zoom button, your map view will be zoomed to the selected

City/Town or County.

% HEATO1 - ArcMap - ArcInfo

J File Edit Yiew Insert Selection Tools Window Help

[DEEat 2@ | &|Fom v|g_|‘§j|k?‘

R L I Y

1=

= £F Layers
E [ MT3-B_Netwark

Scenario Designation * ‘ Metwork Analyses™ ‘ Economic Analyses™ HEAT Tools™

K|

Teton Cgunt)

= MT3-B_Metwork Modes

zl

Cascade j

¥ City,/Town

D County

b g
. "
- lw :
e

Display I Source I

EX:-AR=R1|

Choutedu County

pandd
Cascade County
Judith Basin County
County
Meagher County
Broadw gl ognty . _I;I
[E— D
e L - T T [

(O N O B | e

Cambridge Systematics, Inc.
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Appendix A: List of Internal and External Regions

INTERNAL EXTERNAL
Beaverhead County E Reserve Hwy
Big Horn County Hwy 314
Blaine County Hwy 327

Broadwater County

| 15 Canada Border

Carbon County

| 15 Idaho Border

Carter County

| 90 Idaho Border

Cascade County

| 90 Wyoming Border

Chouteau County

| 94 North Dakota Border

Custer County

Main St

Daniels County

Montana Highway 200

Dawson County

Montana Highway 87 N

Deer Lodge County

N Entrance Rd

Fallon County

State Hwy 13

Fergus County

State Hwy 16 N

Flathead County

State Hwy 191

Gallatin County

State Hwy 200

Garfield County State Hwy 23
Glacier County State Hwy 24
Golden Valley County State Hwy 241
Granite County State Hwy 59
Hill County State Hwy 72

Jefferson County

US Hwy 12 Idaho Border

Judith Basin County

US Hwy 12 North Dakota Border

Lake County US Hwy 2 Idaho Border
Lewis and Clark County US Hwy 2 North Dakota Border
Liberty County US Hwy 20

Lincoln County

US Hwy 212 South

Madison County

US Hwy 212 Southwest

McCone County

US Hwy 310

Meagher County

US Hwy 89 W

Mineral County

US Hwy 93 Canada Border

Missoula County

US Hwy 93 Idaho Border

Musselshell County

Wild Horse Trl

Park County

Yellowstone Park

Petroleum County

Phillips County

Pondera County

Powder River County

Powell County

Prairie County

Ravalli County

Richland County

Roosevelt County

Rosebud County

Sanders County

Sheridan County

Silver Bow County
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Stillwater County

Sweet Grass County

Teton County

Toole County

Treasure County

Valley County

Wheatland County

Wibaux County

Yellowstone County
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Appendix B: HEAT NOBUILD Base Network - Data Dictionary

Attributes:

OBJECTID - A unique id given to each record. This is automatically generated for ESRI
Geodatabase feature classes.

LENGTH - The length of the road segment in miles.
FIRST_NAME - The name of the road segment.

PAVEMENT - Pavement Condition
1. Paved
2. Unpaved

FC - Functional Class
1 = Rural Interstate
2 = Rural Major Arterial
6 = Rural Minor Arterial
7 = Rural Major Collector
11 = Urban Interstate
12 = Urban Major Arterial
14 = Urban Minor Arterial
16 = Urban Major Collector
98-100 = Centroid Connector

AT_ - Area Type
1. Rural Area
2. Small Town
3. Large Town/City

TERRAIN - Terrain Type
1. Level/Plains
2. Rolling Hills
3. Mountainous

LANES - Number of Lanes

2 =2 Lanes
4 =4 Lanes
6 = 6 Lanes
8 = 8 Lanes

DIVUNDIYV - Divided or Undivided Road
1. Divided
2. Undivided
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CAPACITY - Roadway Vehicle Capacity

NEW - New Road (Added by user)
0 = Existing
1 =New

TABLESPEED - Field used in speed calculation look-up

OSPEED - Override speed that is defined by user. This value will take the place of the
calculate speed if entered.

USERSPEED - Field used in speed calculation look-up
CCW - A weight field used for centroid connectors
SCENARIO - Scenario Value

NHPN - National Highway Planning Network roads
0 = Non-NHPN
1=NHPN

CENTROID - Centroid Connectors
0=No
1="Yes

DEFAULTS - Roads that have default values calculated in tool
0=No
1="Yes

D_flds - Lists fields that are calculated as default values in tool

EXISTING - Existing Roads
0=No
1=Yes

SELLINK - Select links which are coded in the tool for scenarios
0=No
1=Yes

INCOUNTY - The county that the road is in
SCENFLAG - Scenario roads
0 = Not in scenario

1 = In scenario

SPEED - Field used in speed calculation look-up
FINALSPEED - The calculated speed that is used
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TRAVELTIME - Road travel time in minutes

TYPE2 = Type 2 classification of roads
1. Super2
2. Improved2
3. Post WWII
4. Pre WWII

CCTAG - The centroid connector ID

ID - A unique ID for network roads
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